An alternative method to modeling is proposed for determining direct normal irradiance 12 from sun photometer measurements. Direct normal irradiance is calculated by integration of 13 the sun photometer spectral irradiance measurements. Using pre and post calibration spectral 14 coefficients and the extraterrestrial spectral irradiances at each filter effective wavelength, 15 digital counts are converted into direct spectral irradiances data. Then the trapezoidal 16 integration procedure is applied to calculate the direct normal beam. The error associated to 17 the integration method is estimated between 6% and 2% depending if the infrared filter is for 18 the 1240 nm or 1640 nm respectively. Validation with collocated quasi-simultaneous 19 manually measured and with modeled direct normal irradiance shows encouraging results.
conditions. Better results are expected for validations with simultaneous automatic direct INSMET, under the Grupo de Óptica Atmosférica de Camagüey (GOAC) supervision and 68 maintenance at 21.422°N and 77.850°W. Measurements continue up to the present, and they 69 have been contributed to RIMA and in addition to AERONET (Antuña et al., 2012) . 70 Six sun photometers operated between 2008 and 2014 at GOAC's experimental site. Two 71 different configurations of the infrared filters have been present; two sun photometers had a 72 1240 nm filter and the other four had a 1640 nm filter. Table 1 shows the operation periods, 73 the nominal and effective wavelengths of the filters for each instrument and the two infrared 74 filters configurations. The effect of the different configurations on the calculation of the 75 DNIs will be discussed below. 76 Each sun photometer is pre and post calibrated. The procedure consist in the determination 77 of the calibration coefficients needed to convert the instrument output digital number to a 78 desired output, in our case radiance (W m -2 sr µm -1 ). The calibration may be conducted in a 79 laboratory using an integrating sphere or in the field using the Langley technique or by inter 80 comparison with reference instruments. Calibration coefficients for the sun photometers 81 installed at Camagüey are retrieved by RIMA personnel according to the standard procedures 82 in place by AERONET (Holben at al., 1998) . 83 Extraterrestrial solar spectral irradiances (Ioλ) at the effective wavelength of each filter were 84 integrated using the equation:
85
(1) 86 Icsλ is the extraterrestrial irradiance from the solar spectrum parameterization (Gueymard, 87 2004) and eo is the solar eccentricity is defined as the mean Sun-Earth distance (1AU) divided 88 by the actual Sun-Earth distance squared (Kumar and Umanad, 2005) derived according the 89 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -74, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 20 April 2016 c Author(s) 2016. CC-BY 3.0 License.
equation:

90
(2) nd is the number of order of the day in the year.
91
For each sun photometer at each effective wavelength, the rates of the Ioλ value to the pre and 92 post calibration coefficients were integrated. Those are the conversion coefficients for 93 converting the digital counts into spectral direct irradiance values. Then values of the 94 conversion coefficients for all the days between the pre and post calibration dates were 95 derived by linear interpolation for each one of the effective wavelengths. The former set of 96 daily conversion coefficients at each wavelength were used to calculate the spectral direct 97 irradiance for each observation at each effective wavelength, using the average of the sun 98 photometer triplets' measurements. 99 100 2.2 Integrated DNI. 101 Trapezoidal integration method (Whittaker and Robinson, 1967) was used to integrate the 102 spectral sun photometer measurements to obtain the integrated DNI. To cover the region of nm. It was calculated integrating the values of each one of the extraterrestrial spectral 111 irradiance from all the available lines in each one of the two intervals (Gueymard, 2004) .
112
The spectral intervals of integration were selected according to the spectral position of each 113 neighbor spectral lines.
114
For characterizing the error associated to the application of the trapezoidal method to the 115 resolution of the sun photometer measured wavelengths, the extraterrestrial spectrum 116 (Gueymard, 2004) was fully integrated obtaining the solar constant. Then the trapezoidal 117 integration method was applied to the extraterrestrial spectrum, but only taking into account 118 the intensity of spectral lines matching the 9 filters effective wavelengths and the two 119 additional selected, 300 and 2600 nm. The two different filters configuration were taken into 120 account, producing two different results. The comparison of the results obtained with the 121 trapezoidal method of integration with the solar constant, considering both infrared filters 122 configurations, shows an overestimation of 6 % and 2 % for 1240 nm and 1640 nm filters, 123 respectively. Figure 1 illustrates the increase of the integration error in 4% in sun 124 photometers with the 1240 nm filter respect to the ones with the 1640 nm filter. The error of 125 the trapezoidal integration method is the area between the continuous and discontinuous lines 126 and the curve representing the extraterrestrial spectrum. This area is higher in the case of the 127 continuous lines connecting the 1020, 1240 and 2600 nm wavelengths than for the 128 discontinuous line connecting 1020, 1640 and 2600 nm. Once a measurement is conducted and registered in a notebook designed for that purpose, all 149 the measurement information is digitized using the software Actino version 2.0 (Estevan, 150 2010). This software is an update of the early versions used for the data rescue of the entire includes a robust quality control of the input data, its processing and the quality control of measurements, were used for DNI modeling (Holben et al., 1998; Dubovic et al., 2000) . dispersion is present, but still a high concentration of points may be appreciated around the 212 same region where the points are concentrated in the clear sky case, but in higher amounts.
213
In the figure 2 in general for most of the sky cloud cover categories the integrated DNI 214 slightly overestimates the measured DNI. 
